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FOREW ORD

The Human Factors Technical Area of the Army Research Institute

(ARI) is concerned with helping users and operators cope with the ever
increasing complexity of the battlefield automated systems by which they
acquire, transmit, process, disseminate, and utilize information. In-

creased system complexity increases demands imposed on the human inter-
acting with the machine. ARI's efforts in this area focus on human perfor-
mance problems related to interactions with command and control centers,

and on issues of system design and development. Research is addressed to

such areas as user-oriented systems, software development, information

management, staff operations and procedures, decision support, and systems

integration and utilization.

An area of special concern in user-oriented systems is the improvement

of the user-machine interface. Lacking consistent design principles,

current practice results in a fragmented and unsystematic approach to
system design, especially where the user/operator-system interaction is

concerned. Despite numerous design efforts and the development of exten-
sive system user information over several decades, this information remains
widely scattered and relatively undocumented except as it exists within and

reflects a particular system. The current effort is dedicated to the
development of a comprehensive set of Human Factors guidelines and eval-
uation criteria for the design of user/operator transactions with battle-
field automated systems. These guidelines and criteria are intended to

assist proponents and managers of battlefield automated systems at each
phase of system development to select the design features and operating

procedures of the human-computer interface which best match the require-

ments and capabilities of anticipated users/operators.

Research in the area of user-oriented systems is conducted as an

in-house effort augmented through contracts with uniquely qualified
organizations. The present effort was conducted in collaboration with
personnel from Synectics Corporation under contract MDA903-80-C-0094.

The effort is responsive to requirements of Army Project 2Q263744A793,
Human Performance Effectiveness and Simulation, and to special requirements

of the U.S. Army Combined Arms Combat Developments Activity (CACDA), Fort

Leavenworth, Kansas.
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DESIGN GUIDELINES AND CRITERIA FOR USER/OPERATOR TRANSACTIONS WITH BATTLE-

FIELD AUTOMATED SYSTEMS VOLUME V: BACKGROUND LITERATURE

EXECUTIVE SUMMARY

Requirement:

To develop a comprehensive set of human factors guidelines and criteria

for the design of user/operator transactions in battlefield automated

systems for use by human factors specialists and system proponents,

managers, and developers.

Procedure:

To augment data collected during analyses of a series of battlefield

automated systems, selective literature relevant to the development of

human factors guidelines and criteria for the design of user/operator

transactions was reviewed. The literature review effort was limited

primarily to recent ARI publications and to reports containing guidelines

which might be incorporated into the final product of the project.

Findings:

This literature review demonstrated that research results are generally

inadequate to support design of good user/operator transactions in auto-

mated systems. In addition, experimental investigations and other research

efforts have not kept sufficient pace with technological development to

provide an adequate data base for generation of guidelines and criteria

applicable to the rapidly changing user/operator transaction environment.

Utilization of Findings:

Findings from the analysis of individual systems may be useful to

proponents in specifying user/operator requirements for future system

evolution. In this project, the findings were incorporated in a data base

on human factors requirements which provided the "real world" foundation

for development of the provisional guidelines and criteria presented in

volume IV of this report. The provisional guidelines and criteria will be

utilized as the basis for development of the prototype handbook.
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alMA.I I •-al.i..t .l :0 I t(--1Lt --or t h I, It)! ! "if tutor t a -.

I 1 t 1t 1 au, omat) t 1 ;:;te .m:;. ,k'Ci i, ! .,i,.: ,.ri:t i. of t 11i ; I t :r, _ ,

i's s sh!ouldl 1e made clear:

thc rvit- w was conducted 1>; t iI!)1;::.t1 !,o f A , I di)tn-

ieTlit:; and other research ret ,()It .;ui ()l t c.rolct act i tvn t i,-p'
no at tempt has been: made to irnt t. or, o' (' , rit cU it,
obtaii ned throuurh CXI er iml, ntaj 1.,1V' 1i1 1 ita-
ture review, to be conduct(,d elu.oir1 n pla zu of t":'

;.reject, will more exhaust v.. -or- - ±t -.] t or , ,

ot!VLtr research efforts.

W:i fe w exce t i or; s, o) l, very rec.:t rt ,t r a'e : .

irncludtcd in the review. Much earlier work also ,as sign. -

icance for the development and v r-sentatLoL 0f inca;. tact' i-s

g]uidelines ani criteria.

a. .ome reports have been included because ticv contai,. guiel-
lines which could almost directl"': h. incorporated into the
intended final product of the study effort; others are
included because they provide information which can contri-
bute to or convert to guidelines or criteria.

The organizing structure for presenting the AR literature review i:z

t';at em;'loved to date throughout the project for r resenting information-

,,trout the systems reviewed and for the development of guidelines and cri-

terii--categories of design features affecting user/operator transactions.

ihtieb categories are listed in Table 1. APT research reports are presented

(,! ;i following pages.

1. CONTROL METHODS

1.1 Command Languages

-; erating Systems, Inc. MrQSTURE: An ex.',erimental online language for ars;
tnctical intelligence information processinq. ARI Technical Report No.
TR-78-A-25, July 1978. (AD A064 323).

In its search for ways to address the demands for increased complexity

in the user-machine interface of BAS, ARI supported this effort for develop-

me:nt of an online language for Army tactical intelligence information process-

jrrq. MIQSTURE (Mixed Initiative Query Structure with Task and User Related

Elerments) is an attempt to provide a user-machine dialogue in which the comp uter

2
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I Oj Iflc."t I q fO(Ist ;Od titIoug;h 4 St a, Ie;;

V~ Ii Ftcmttts I: 11.1 tiol based -):, juccki.' . I'.!, I%'

C. rratat iIor ()-'it a led de s ign spec ifi Cat hor () '
a:theil ce to demon st ratu of0 era t i h .U. k

Andi otenlt ll

Ev..aluat ion of the languagle primari ly to deteflrmi -,

h dIad 1hec,. rtuached and toln thle 1'hcI .o i
OrI 11. ; la: ii thlA ata in thet data a,5!s1.
t- ekdat a ba ( so I aquacle Eid

ie~ velot t0 rs (cla im T jSUEhas thle tel lowinga.iv: a%;" i V :n f--

1st 1s

a1. ,\dapt ivi tv to Lchange through the use of sl cct:i al' d,.,- in ' I -
mats for defining new capabilities and use of a keyboara 1>

strate language to nrovide flexibility for new and ni cn
circumstances.

h. Sensitivity to the elements and stages of interactive task.-
through separate display of interaction statuls and i sory
separate incrementing of transaction and query numbers, 'I
multistream dialogue which allows interleaving of tasks at
a given terminal, and a capability for loadinq rolde
of detailed task structure into the system to permit the
mixed initiative capability.

Evaluation of MIQySTU.RE was carried out by comparisons and rat incls Io

vided1 by a panel of experts on 7 factors: level of development, tr-ain mj-u

factors, speed factors, power factors, accuracy factors, staffing ease, arli

user acceptability. The developers conclude that the preliminary/partial

development and demonstration of MTQSTURE has achieved the des ired effec-ti-

ness for accomplishing intelligence processing tasks.
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.Mcnu torma t et-lect ion time was 49.8 s;econds I r j ne-.,;aq . , , i, lit i

:1t ;-at ed sat I dlli! ; i ,ak Jeriods , the (;3 could expect to rec(.iw, a m> t. v,,

"1to .tt. With the time to merely selec,,'t a rm a , frl 11,

,ti'ilt , ;tc¢ ii ; the would luickly be overloahd ii; at.,k !,.riodI. .

rc. ,~~t 1Ior rit in format selection was obtaind iI t , ,1.,' i,.

:rmat s for rej orted ly simple messages . A detailefd atal', i.S; f

t'adl-eda c to n u I 1 Cl ate(! by an irrelevant cr -o:t ( Ien e ii t''(s: m ;.

coniitent and message cateqorv titles. The, mean certi tude was: almn;t .

for the two groups (5.5 for tie job-aided qrouj, andl 5.7 for the standi

oroul ) , indicating that the particular joh aid troviled failed to ai a ': ,-

Malice.

The authors noted (page 15) that "taken together, the error rat(, a:.

time data. . . lead to the conclusion that the transformation process i:; :,ti-

t iallv a ma tor problem in the experimental TOS." To eliminate format i,

elrus, they sugqest a structured training program or a set of mnemonic

ds-ccriitions for message titles, drawing attention to the relevant di ffe,.-

in tht, purl,ose of the various message formats. They speculate that tie mo;n

likely error (erroneous selection of the "relay" message format) will rsu

in a communications function only when the information should hiavc been i:s; ut

into the data base. They suggest a scrutiny of the existing formats with a

goal of reducing their number. (NOTE: the current and most recent successr-

sys-tem to TOS, TCS/TCT, in using only four basic message formats, appears

to have taken their advice to heart.)

Nystrom, C.O., and Gividen, G.M. Ease of learning alternative TOS messace,

reference codes. ARI Technical Paper No. 326, September 1978. (AD A061 w-7).

In work closely allied to that of Baker, Mace, and McKendry (1969) and

Strub (1971), these researchers set out to assess the changes to the DEVTOS

formats (in the formats provided for TOS2 ) recommended by the ad hoc committee

6
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exception, 1', F'or airt(crft-rl'l .id mt. : II' B. 1'

seconld le t ter i s arb)i t '11. .1. I I' I12

or enemy, cat! eor i'-, !)it i. 1, %iiW'.1 1!. ' 'S :' 151

message. 'the aCit 1011 co(le (o I-t'1- e'. x ac t 1111

codes , bitt eB'k'fI t iOn s ae al-0 e 111h '(OCAZ 'x' j;at !. hli

0, 8, and ')I ret'lIce 1, 2, r'.d 3.

b . TOS 2 
codes-' alphas (LELL) . 'Th e f i rs;t: t rt:( it t<,r! for-m a-1

acronym of the message t iite. 1t0 foullth lo't ter Yrr 1I't
the action. 1Examples of the two message, .:e~e typ es are i I(,-

sented in Table 2.

Table 2

Sample DEVTOS and TUS- Message Codes

Code Elements

Messaqe Ret'ere:,ce
Message Title C:ode Action Code Code

Message Title DTIivTOs TOS
2  

DEVTCS T3S2 DEVTCS TOS'

G3-2 Messages
Enemy Unit FA EUS I A EINI ELSA

Status - Add

nEnemy Situatton 
EC 

ES I) 4 
Q EC4 

ESDQ

Data - Query

Air Control FH ACM 2 C UH2 ACMC

Msaure - Change

Sot Report - us UJSE 5 p US5 (ISEP

Special Processing

,In ant icipation of the D~evelopment Tactical Operating System (DEV'loS) by
T ' 2 (the Tactical Operable Segment Tactical Operating System) , the tombat
Developments Command (CDC) directed the formation of an ad hoc committee to

(a) recommend revis ion-; to the formats and (b) evaluate these revisions.
The committe, also estabi ished the following recommendations: (a) consel-
dat ioni of message for-oxt s, (b) use of variable field data entry, (c) maj,

ro'fererict' cor 1 na U "a1ck-ingj," and (d) use of a new message reference
,ode System.
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Part ic(ipIallts wt I 5 tI 'tj I, 1 ') tft I Ck F k)LOI0,l1 I "; t. I5 :, I U

,Xi I'it l' C e it I I I I t li f I lntit . nI PtA s;t 1  l 1112 Al t~ ll' U 1

to) o:Ae ot two) k;-, mesa , 1 ,' (1,!.% c ( 1 .2 ) ( Hf w(et w rt- rot.loin,) V

a tt- qL-( It 115oetos 0 ft, At 'tllA rt a( o lI'llin~'

TwVie wt. a, tai , : l-', t' 1, <oS A ti 11 q~o w fti). u e L I

!tas trii nt I t Pi. 1. , I k TI 11 t a 1 t imessj rI e TIi i I

cote fr-om the mea clI I E' .'.)rror- foedack informed t ie(

0 ar i cit alit Of ti,c _01 IA k S 0'"' , 111 1 101r Wa s comjtu t ted . The "' I ar:,2t

,r-itefiol was a lAfect ' it (1ri5 h., ion of all mtessaqet t it 1< It

the messzaqe set .

The followinq we-re t eAl5' A2' .

a. Code type (1,1, oi .1 1

b. G2 or (,3 lit.

c. Rank of tilL il rt ic! !A %,' , ii2 Vt.SA c-r

The depen~dent vat i 1 il 1 %,.O:-- ;

a. Perck~lt (-, I a t I 5 t 1t I- i t o W i t 1 1, V -

errors.

ib. Number of 'pa L.<- tIj <A. l!" f>eIi'(eii~

C . Time to jiltl;'t Al S I- -s)it (III I11. ever(' all10:(. il

allpass

d. Analysis (It oj~t j ki-' I-l)'t' I <> ion (for officer

part isipoant Sat I

LLLI. codes were (Ai , I- ;iiA: -1 I;, I o :.I,- cod,.- it. 1.)th 1. earntiiq rate and

error rate. The meain t im. t iii t me,.aL;,tq re ferene code did Ilot differ

by code type: a time li mit r t 2,f a-sotcii tla a cc si an was permi tted arid ave raqe

re spon se t ime was a bou t '5.5' t, '' !; ('') Ie Ftsi . Alste-d I nn t ook s;iqn i fi -

cant iy longer to learn the o h: t han u f orersa;nt c ( des1 ite tilec hi qh

enlisted personnel GP score) . For 1),th 1,ercentaqe of er rors an~d averaqe

input time, differences were rot sion i fitcont , hut ott" 1.mlartqilal ly so( at .051

for mean percentage of errors.



Analysis of errors by character position demonstrated that seven of tie,-

new code's characters were associated with excessively high error rates. eur

approaches to reducing the error rate and instructional strategies associated

with these approaches are suggested by the authors for exploration:

a. Partial code revision--modification of only those codes
associated with excessive error rate, the change bringiriq
these codes into closer acronymity.

b. Three word message titles--forced three letter acronyms.

c. Variable length acronymic code--requires message title!; to

consist of three words or less with no ambiguities.

However, involvc; change to only 8 message types versus

chanqg, to 1 message types for option b.

I. Ihree het ter <ode based on first and last words of the mes-

iji. t tt l,--t he code uses the first two letters of the first
.- 1:;i ti' -irt letter of the last word. This accommo-

tmTI'.a qt it les of two words or more and requires
_ .i! , ,t I m ,s.,saqe title.

, , , t t hat the 'rT)S message reference code (L,1,I ) is

clearly he. t - ?iPVT( ' code (,L#) and they suggest a furthe r exI el-

ment and i r,,i t rat I Y(aches b. , c. , and d. , would all be b etter than

a.)

_., and Potash, L.M. Assessment ot ibbreviation methods for autcmst,
S, i.',,,s. ARI Technical Report No. 398, August 1979. (AD A077 840).

a ' t inuinl offort to provide efficient vocabularies and

, ' it r, B?,, ARI evaluated alternative methods for creating

it, mi I it at-, r m.,. Moses and Potash establish the following

:rtt,, ii t-en i, rviat ion>;: (j • 1)

a . ii'k l,' arid '.asily discriminated from other abbreviations in

a 1ar I cular system.

la: i I' decoded and remembered.

C. m('(m t itle with a variety of different system configurations.

Their investigation focused on the design and evaluation of procedures

for creating abbreviations; their review of the literature led them to conclude

that: "Clearly, a variety of suggestions exist for shortening single as well

9



,ia, multiple word items. However, no generalizabie recommendation has emerged

Ico -)I t heis which generate abbrviations that are preferred, easily decoded,

a1i used with minimal learning." (p?. 2)

Part ici pants , 50 enlisted military ,ersonnel with diverse backgrounds,

r t ) med three tasks:

a. Preference _rating--judging how well single military terms are
rep resented by abbreviations gt(nserated under the following
five methods:

1. Data Element Dictionary (DED)--representing current Army
practice.

2. Simple truncation--starting from the right end of the word,
dropping off characters until the required length is
obtained.

3. Truncation--2nd letter out--elimination of the 2nd char-
acter followed by simple truncation, as above.

4. Contraction--vowels out--retention of the 1st and 2nd
characters, removal of vowels and H. W, Y (from right
to left) until required length is obtained, supplement-
ing with .simple truncation, as necessary.

5. Contraction--frequent letters out--retention of the 1st

character, elimination of letters (from right to left) on
the basis of frequency of occurrence (highest frequency
eliminated first) until the required length is obtained.

b. Decoding--writing the original term from the abbreviation. 60
abbreviations were generated on the basis of the 5 methods
described above. (Different terms, random assignment of terms
to blocks of participants, etc., permitted a modified Latin
Square design.)

c. Encoding--generation of an abbreviation for each of 60 terms;
30 terms were new, 30 were used in task a.).

[or task a., preference rating on a 10-point scale, showed that abbre-

viations prepared by contraction--vowels out and by simple truncation were

3/The DED is the result of the TRADOC Data Element Standardization Program
and was developed to meet the needs of the Tactical Operable Segment
Tactical Operations System (TOS2 ) , the All Source Analysis System (ASAS),
and the Tactical Fire Control System (TACFIRE).

10



preferred over other methods, with the bED and truncation--second lettet ()ut

being least preferred. For task b., decoding, liberal scorinq (allowing

spellinq errors) and strict scoring were aj_ pilfed separatel' to nrevlnusl'

seen items (in task a.) and not previously seen items. Five factor A.'A

(based on the modified Latin Square design) for the liberal and s trict

scores and comparison of mean scores supported simple truicatio. as tlie

superior method with the DED being the worst technique overall. For encod-

ing task c.), simple truncation again appeared a frequently used tecninic{ue;

but, the DED, in contrast to tasks a. and b., scored well..

These results support simple truncation as the method for providing a

hiqh percentage of acceptable abbreviations for use as data element codes in

BASs. The authors, however, in exploring user/use variations of these results

and in playing these results against those obtained by other researchers,

offer the following tempered conclusions:

Simple truncation is an easy-to-use method that generates a high
proportion of consistently preferred and easily decodable abbre-
viations for single words. This method should benefit system
designers by reducing the time needed to produce many good abbre-
viations for use as data element codes. Such abbreviations pre-
sumably should benefit users by reducing input time and errors in
interactions with battlefield systems. However, the abbreviations
produced by simple truncation are not intended to replace Oommon!u
accepted abbreviations and are not likely to be judged acceptable
in all cases. (p. 14)

2.3 Graphic Displays

No reports in this category were reviewed.

2.4 Highlighting

No reports in this category were reviewed.

3. DATA ENTRY AND HAVLING

3.1 Information on Legal Entries

No reports in this category wore reviewed.

11



3.2 Unburdeninq of Input

Alderman, I.N. , Ehrenreich, S.L., and Bindewald, R. Reccent ARI k,st,' n
BattlefielId Automated Sstoms. (In press.)

(The authors' abstract follows.)

This paper reviews ARI research designed to improve tI;(- data ent ,y ro-

cess. The first and second section of the paper describes th( data -,Itr';

process in general as well as in the context of a specific battlefield aute-

mated system, the Tactical Operating System (TOS). Because it wa usedi a:.

exemplar of the data entry process, TOS played an important role in tlk,

development of improved data entry procedures. The third section of tihe

paper reviews the findings and conclusions of the many ARI research projects

concerned with data entry. Among the areas covered in ART's research pio-

gram are:

a. How to format and display data entry information.

b. What safeguards can be developed to reduce the number of
operator errors made and/or accepted by the system.

c. What kinds of operator job aids can be developed to improve
performance.

d. How to improve operator training.

e. How to make the system's message codes easier to use and more
memorable.

f. How to improve the design of keyboards.

The forth section of the paper reports on efforts to analyze the cause of

operator errors. This section also discusses the development of a simulation

of the data entry process. The simulation is intended to facilitate system

design by permitting the inexpensive evaluation of alternate data entry

procedures. The fifth section presents a general discussion of the problems

that have been encountered by the ARI research program. Also included here

is a discussion on how this program might be improved in the future. The

final section of the paper summarizes the operational implications of ART's

research results.

12



Granida, T.M. "il 1) ]&.ItI l of hunial Pjctui.' 5 .0fc(,It5 to 'All lltt.dtIV ,

C,)J U t,.2 d l2 -; ( n)l! I ct ' d-k( el; iou, sjst . No- i.si.aici R~port ,o.

1233, ,January l98('.

(The author's umnary fo]ows.)

To reduce the, urden of io rfiei ot r: co~ I-ke, rng systems, tile U.S.

Army pluis to conivert mani': o- its mainial and ;,miautomatic record-keeping

systems to iliteractive, real-t:ime systems. 'o ott ain the optimal levol of

hardware/software comple-xity, to meet -)I orator aid user requirements, and to

kee, system costs, system coml lexity, and operator training and skill re~uire-

ments at a reasonablo level, a careful analysis and application of appro-

priate behavioral, man-comuter interface ui lel cres are requi red. A workinq

version of a potential interactive real-time record-keeping system (the

Standard Insta]lation/Division Personnel System, SIPPERS) was created to

provide a hands-on demonstration of input/output iprocedures and software

techniques that can provide assistance to oe erators/users.

The behavioral techniques and procedures d. tlhe demonstration (e.g.,

feedback, error detection and correction, promp-ting, variable entry format,

variable input modes) were integrated with user and operator requirements to

produce an efficient interactive record-keeping system. It was successfully

demonstrated that the human-factored, interactive system aided several types

of users in a variety of ways. The system functioned as an instructive aid

to the inexperienced user and as a memory aid to the experienced user by

informing the user: where to find data and information; how to input the

data; when errors occurred, what type of errors they were and how to correct

them; what certain terms meant; and what inputs were acceptable to the computer.

The computer served as a retrieval clerk for those users who needed access to

information residing in the computer. The computer also acted as an organizer

for the processing of SlDPERS transactions, retrieval of information, and

alteration of the transaction clerk displays.

Fields, A.F., Maisano, R.E., and Marshall, c.F. A ,omparativ anar1l7sis of
methods for tactical data inputting. ARI Technical Paper No. 327, September

1978. (AD A060 562).

This study extends ARI's efforts to im rove, data iI'ut beyond its pre-

vious explorations reqarding the mrn-machii,. i ntrfaco (Alderman, 1976)



jI I vi O duo 1 i Ili I ro IIiu t echn1i' iuel ((;dI, it ' Field:;' and1 A i r o I

A'M Ut ktAU I roitt t ttsl ai it !;t M-ict totl (.,t tail, 1 7d 1 oi I~t (tI itI;

.It h I e "'t, r o io tS rI ! i , t 'ol t t 1 .; t tt 0 tr "

it I -; t itdi oilt~~ Ott It tt ttillo; ~ ttO these, at I I~ -rI

lour Imc tliods of dot a inpt~ut ti 1 to I o 1 5 formoIt I: . teiloi t PI1r(MI

t ablilitig were studied:

0. I\ Ij C 0 d~ ilto Lt' ITIOS sage to flI'nt tfes50 orma t
tile 5qCreeit; oiperator fills ill '11 Iropriate codes rterrt te: t C a

di cti tiory ot val id codes , as tteuded. 'oml Ut OV re, .:t i 1I ct I
k'I t Irv,; oper1ator must provide vol id etry to cortt itml(. "ttY5irl

moves to neOxt iteLM whenl correct enitrv. moade'..

P. Typi ng withi error corrector. Sodme as tx1I ilt, atOV(e , ex(r'L_ t.

computer forms a series of hy pothe-es about tile error ai
having "decided" Onl thle correct en)try, thet .orn; u~tOr I resen01t
the en try on)i the screen . TIf the o; 01)rat-or- oCce(1t t the t'Ay
it is input by a key to sig~nal acel tanre . It not actt~
thle operator hias a key to signal revioof thec er. if
thle mach incL CcannoCt_ form a hy; otneSi Ils , on or rer meso o e
ott the screen and the operator retypes an, e1ttv.

c . Menus. Map coord inates , dotes-, and cardlinal nu aes ,r tylo',ed

inl. All other dota entered by select inq thle item 1IrCim on:
alphabetically- or logically- ordered menu via a trackbol 1.
When typnv eurd instruction to type, replaces the Tnciti.

If invalid entry typed ini, item rejected and vol id ent ry pro-
vided as inl data input ty.Ipe a. , above.

d . Typjingq With autocompletion anid Encjlish option. Soame as ilut Ill
t ype- a. With the following exceptions:

I. 'Fhe Enlish definition canl be entered intead of the
code.

--. When oeerotor feels enough characters art, entered to
identi fy the entry, depress ion of a key couses- Lihe

autorompi et ion program to take over. if unique match
made wi thin thle valid entry list, the auitocomplet ion,
fea tore f itis hes the (entry . if nc uitoique Match 's

sible, the program asks for more characters.

TIhe measures (dependent variables) were format romp let ion time, t he

lwmtc r of errors per format , the frequency of use of the, out ocomp 1 et ionl tune-

t i ott, thet frequency of use of full Engilish in s-tead oif roles, the f requeiicy of

Packet a. in tt and typji og over, and the stated pro ferets e amnonq the, intput met Ins Fe
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lart ictt tilt; .s',re Z ii s ted ,r;oniw randomly assigne d to te fou

intUt qr up. P'Ihirtv-;ix frte text mossg,; were, dividei into four 5k ts of

rliHe mO;sdlat; eaIch11, with each m.-lieSage sot balanced for ty'(I s of subject,

Sources , rtstrictiols , unit ident ification, arid ldif-ficulty during pilot tcs.;t-

in L. Each first mt saqe of each messag set was a practice message.

On the b~sis of both mean number of errors per messagce and few,:St errurs

per input method, the- inlput tyi es ranked (from best to worst) as follow.<{:

menus, typing with orror .orroctor, straight typing, and t'ling with auto-

coml let ion. Di fferences among the input methods were signifi cant. No dif-

ferences were found among input methods on the basis of mean time to input me.-

sages. On the basis of fastest time, the input types ranked as follows: typing

with error corrector, straight typing, and menu selection. (The authors' speed

prediction was as follows: autocompletion, menu selection, error corrector, and

straight typing.) When preferences were compared to performance time and errors

(using a coefficient of agreement), there is chance agreement or a slight nega-

tive agreement. Except for input by menu selection, backspacing was used with

approximately the same frequency across participants for correctinq an entry,

correctina spelling, or correcting an invalid entry. In about one-third of its

attempts, the error corrector could not arrive at an entry. Participants used

the autocompletion feature only for better than only one-half of their posible

opportunities; the autocompletion of codes was incorrect about 4 perc.-nt of

the time and autocompletion of English was incorrect a little better than

percent of the time.

The authors conclude that menus should be used for data input since they

permit fewer errors and do not significantly increase input time. Provision

of a menu-based system with a menu-override option for experienced users is

suggested. Error correctors, autocompletion and full Enqlish option are not

warranted for general use, in their judgment.

3.3 Interrupts and Work Recovery

No reports in this category were reviewed.

3.4 Manipulating Stored Data

No reports in this category were reviewed.
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4. MESSAGE COMPOSITIONi AIDS

4. 1 Sys-temn _Des ijn_ Fea tures

(The duthor's brief of the report foillows.

Fire !.i rection 4ystemin vLII cinmo lsd cur.trol s' t(;.1 11%.!''

lrtieI rv 'PDi is rke; ort so; I ot sth OAT sP ; 'l

vles a human factors evaluat ionl a: e file lit t tsss arl.i ; ~;tc
traiin i ny, andi perso;nic1 cc lee P ion i-ek, M' em, t'00.

A var iot' of te' (e oeucI ''ui- e ' -vsllat is':.

siorinaires .,Ce'e A ol ;,A alls a"O11it e tI ,t 1'1 S1'~' U; eliC:

::UMa:; fctors issue1s. lVe", qveist joonn ;; wer suj 1I . ne;vie..s

and 1,v per t inoot data Frm 1 'VIA .o't jo'na i-- anm iat a co Ilct 'ie; oerm

Performance'dSSI11 assmtt ; Wer alSo obt a; in'd for 1, Pi v J i !,to 05 at, thl

At tiilerv Control Console 'and on ti he i; dl tal *Ie' q 'i raconll

records, and formal coon se (Irad( s were 11;e to ala; : ii t ' '' -<cct oo 1

requi rements.

i id i ngsj

T'he battalion s-2so sn I ter is rekqaido.. a~as retao)I I-% Pt at ta Iiol

[-ire Direction Center pers;onnoI . Thec major prolemi are.as are, the s hortaqe

of space Withitn the Shel1tcr, the cot; fiourat iol t; (of cip ll within tois

1limi ted space, the qual ity of the il , and th nc ise level . No i ;s' level s

are ill excess of N1IL-,W''I-147.IA.

With; the exception; of the Diq i Pal Moss-aqe, DoV cc atud thle Dii iPa Ilo o

Map, there Is widespread acejptanice (if in;d iv idulo 'PMcPRI: , n;iiprnwlts.

Althouqh operators mainota in that t i taK c, on; the ave'raso 'iarkas

tte orlsensusilo f o'er at or, si s t tat 'PA; P P trait; uq mos t he cotnduc ted



I)n,:t : ia 11 ,t. o i rt , I . !::;tim, it .:,rf tim,. rT . i- - "

t I.L , (, it ,: d weik t t lt <, 'it; : 't l t. ",.It rr T."

It ' tr t . .v , i sication.,; ar- that more e-m; .-:i: s ne_.,: ,

C.a :3 1u 1~it, a ;, l~ciningt

L-1 ato- s io -Is t 11c tandard ((WERTY) keyicsar , jhouI-1 k h *o t''Knw o

1rm I-a.iicatis;n Battery ispears to provide a cost-uffectivt, mta:.: o

s..ecti i:!.% ii uals for TAC.'IbI.L schooling.

:t .l z.ti)T; <f ! ind i: .1

-1 f i .t, :4 su tuit - rel ort will ser11 As tn. 1( u a:. factors in; ut to

T<ATA arid 11A for t .eir evaluation of the TACFIR; system. These findinos

.1ill also is sent to the Army Field Artillery School (UfA) for their

impact on trainin: and perr.;onne1 selection reuuirements

4.2 Format for Alphanumeric Messages

No reports in this category were reviewed.

4.3 Graphic Messaqes

Bersh, P., Moses. F.L., and Maisano, R.E. investigation of the strength
of associatiun between _grapshic st;mbolog and military information. ARI TeS>-

nical Zaer No. 324, Sepitember 1978. (AD A064 260).

The authors contend that dissatisfaction with conventional symbology

drives investigation of symbology in terms of "clarity, simplicity, consistcnciu,

and adequacy for computer generation" (page 1) and that "there is little or no

empirical evidence available for accepting any new approaches or for retairin

conventional symbology" (ibid). Their investigation is an attempt to allow

common cultural influences to form more or less stereotypical associations--

"Natural" associations, in their terminology. They explored the association

of simple graphic codes or symbols with verbal concepts.

The graphic symbol set was kept simple and consisted of:

a. Seven symbol sets (e.g., circles, lines, colors, shading,
bars) with each set varying in a single characteristic
(e.g., size of circle, number of lines, width of bars).

17



b. .'ight geometric forms (diamound, trapuzoid, rectangle, circle,
triangle, parallelogram, and kllip se).

c. Eight "stick" symbols (..g., arc, bracket, arrow, cross).

The verbal concepts explored included:

a. Eight information categories (importance, accuracy, firepower,
unit level, friend/enemy, range, and concentration).

b. Nine military branch designations (infantry, armor, field
artillery, mechanized infantry, signal, engineer, air defense
artillery, cavalry, and aviation).

LI. Three general military function terms (service support unit,
maneuver unit, fire support unit).

Participants were two groups of enlisted personnel (114 and 137 persons

respectively) with limited prior exposure to military symbology. The first

group was presented a set of graphic symbols followed by a set of verbal con-

cepts. Their task was to rank order the verbal concepts according to how well

they represented the symbol. The second group's task was the reverse of the

first group's; i.e., to rank order the symbols according to how well they

represented the concepts.

Pour criteria were established to determine the strongest symbol-concept

associations:

a. A statistically best mean rank (i.e., statistically different
from any other association).

b. A mean rank statistically better than any other association.

c. A first place ranking by the greatest number of participants.

d. Fulfillment of either a. or b. and of c. for both symbol-con-
cept and concept-symbol associations.

Only three symbol-concept associations were found to be high strength

and no ambiguity:

a. Numerosity (the number of lines) and unit length--which sup-
ports the current military coding scheme for designating
units.

b. Color and danger--other strong color associations; e.g., with
friend/enemy, accuracy, importance indicate that color symbol-
izes a broader concept than danger, perhaps "threat".

18



c Square and service sup ort--thi:; a:;sociat ion i., much 1;t r u.
in the concept-symLol di rection t1 an ill the svinbo1-c

direct ion.

Moderate and minimal 1 eve,1s of assoca tion were alI;) exailn Iid i lt t.il,"

provide no clear-cut quiddliCe for our S;tdi' With respect to quidt' l.; sI:.

criteria for user/operator transactions with BASs ill that:

a. Results of the exploration are not without ambiguitv/confui;isii.

b. The study approach limits findings to specific condition;
explored rather than to general demonstration of desig.

principles.

The authors suggest that their ranking method is appropriate for 1 ri<I ,rm-

inary comparisons and that their data provide sugqestions for ust, il modi

current symbology systems. They al.s;o suggest, however, that Thurrtou' sri ,,r-

comparison procedure would provide more refined measurement than the its--

albeit at increased time and cost.

5. DATA RETRIEVAL ASSISTANCE

5.1 Query Method

No reports in this category were reviewed.

5.2 Query Structure

Ehrenreich, S.L. Querl; lanquage: design reconmmendations derived riom,; t!,,(

human factors literature, ARI Technical Report No. 484 (in press)

(The author's abstract follows.)

The existing human factors literature on query languages is both sparse and

scattered. This paper seeks to collect and review that literature. The first

section of the paper introduces the subject of query languages. In the second

and third sections, the topics of natural and formal query lanquaqes are re,pec-

tively discussed. These two types of query languages are reviewed with the objec-

tive of determining their potential for expandinq the population of computer user;.

The fourth section considers some general issues pertinent to both types of

1)



loglical quantifiers, the user's concept of data organizatioll, mixt-d iilit i, i'.,.

dialogues, and the use of abbreviations. Methods for exi c.rim,.ri ily O..Va]U,' 1',1;

specific juery language feature-; and research on co irol - to- , oL :onhli 21O:.

are also discussed here. To focus the findings rel orted i. t he rceJi-,

tions, the fifth section stumarizes the imlications of the rest:arcli i k-r!ned

to date. Next, the sixth section |presents possible new research whici woul,!

be of value to the designers of Army tactical information systems. T'ih i I; (,I

concludes with two appendices. Appendix A discusses human factors reviw

papers concerned with the design of interactive systems. Apenciix B j.rtc

a compendium of design recommendations directed towards the sy-tem dc,.,iqln..

(Appendix B is replicated below.)

APPENDIX B

QUERY LANGUAGE: A COMPENDIUM OF DESIGN RECOMMENDATIONS

These recommendations were compiled from the literature review that is

presented in the main body of this paper and from additional sources. In

some instances, the recommendations that are presented here go beyond what

can be empirically substantiated. These recommendations are not to be con-

sidered immutable. Instead, they represent the author's opinion as to what

guidelines might be thoughtfully offered at the present time to a system

designer.

Recommendations: General

Data Organization

1. The organization of the data base that is presented to the
users should match the organization perceived to be natural
by the users. The users' natural organization can be dis-
covered through experimentation or by survey.

2. Casual users should not be presented with a multitude of models

for representing the data base. A single representation of
the data base should be sufficient for the total range of
user needs. A multiplicity of data base structures only tends
to confuse the casual user.
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3 A queI%' laI ua I i0:1( im 1,n iIl 1 1 ie tlIIf use of quant i fi cat i o
terms (e.,., "co;(m:e, "a ''all") People have great difficult.,
In us ill(; Juallt if i 1 1mnami, i uously .Exception. to t}lis

rule, are the "!a1ct i )iterc'no" tld' "Inono. " When quantifieor.
,Ire, reIui rod, t he ' te:-)ud 1.ivO the user choose the
dcs ird quant i f-iadt io;i tatement r()m a set of statement:;
that are desi good to maximi se their dJ stinctiveness.

Evaluating Language Options

4. 'rest major query langua(' features prior to adopting th:em.
The text of this paper provides a description of experi-
mental procedures that call be used in deciding between

alternative design options.

Feedback of the Query

5. Prior to tie execution of a user's uur, , the computer
should rephrase the query and dic lay it for user accep-
tance. This assures that the user's intended meaning
has been correctly interpreted by the computer. (Skilled
users should be able to suppress this feature if so
desired.)

Abbreviations

6. The method of simple truncation should be used in forming
abbreviations for terms; e.g., deleting all but the first
three to five letters of the words. The value of this

technique is markedly increased when it is uniformly applied
(with the possible exception of words which have commonly
known abbreviations). Allowance must be made for different
words resulting in the same abbreviation when truncated.
User understanding of how the abbreviations are formed is
valuable.

Dialogue Transactions

7. The system's messages to the user should be in a directly
usable form and provide prompts or reminders of the current
state of transaction development. The user should not have
to refer back to previous transactions in order to deter-
mine the present states of the system. Lengthy sequences
of transactions should be recapped periodically.

8. When the system displays information, "it should be in the
form needed at that point even if the format is different
from that provided in the data base or (from) when it was
originally entered. For example, in a payroll or cost-
accounting system salaries may be stored in hourly rates,
but if the current activity requires monthly or yearly
rates, the computer should make the required transformation
and display accordingly."
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9. Users should be able to easily modify a request that. i
revealed to be incorrect. In particular, they should bLf
able to move backwards through a dialogue sequence in
order to change an entry. Introducing such a chanp-
should not require re-entry of all the corrt ctlyl cnt.r-,d
material.

10. A small proportion of queries usuall' accou,t:; for t
proportion of the user's activities. Tl'':h . que. i :; c:.,.,

be designed for greatest ease, of accompl1ishment.

11. Some user queries require a long respon:, time.. Th.<1n1 .:
should acknowledge the receipt of a quer-y and ;hould It,.
indicate that a response is available.

Specific Recommendations:

Formal yuery Languages

Layering

12. The features of a query language should be part itioini : >:.(

groups or layers. The easiest layer should be able to :t,:1

alone and is intended for users of limited sol-hiitic~it ii,
limited need. The layers should then increase in corl I ix i
for use by more sophisticated personnel. Such a Ioc'dure
will broaden the base of users.

Semantic Confusion

13. Avoid the use of operators such as "or more" and "or Ie:;"
(e.g., do not require the user to convert "over 5, yea:; ()i 1"
into "51 or more"). People have difficulty using the;e o!,,i-
ators correctly.

14. Query language operators should not be given semantically

similar names (e.g., "SUM" and "COUNT"). To avoid conf usiOnI,
operators should be given names that are distinctive and
self-explanatory.

Term Specificity

15. For inexperienced users, the use of global terms (e.g., qel-
eral terms which subsume a number of specific terms) is not
recommended unless the specific terms of information subsuirci
under the global terms are retrieved together frequently.
The availability of global terms does increase the speed of

data entry (i.e., typing) but does not affect accuracy.

Specific Recommendations:

Natural Query Languages



Clarification Dialogue

16. Natural query language systems should be capable of carrying
out a "clarification dialogue." Users will frequently input
poorly stated queries and it is not sufficient for the system
to simply reject them. Instead, the system should be capable
of guiding the user through a dialogue which will result in
the formulation of a proper statement.

Quasi-Natural Languages

17. Quasi-natural languages should be considered as design options
in situations where it is neither possible to teach a formal
query language to potential users nor is it feasible to develop
a natural query language. Quasi-natural languages are English-
like in structure but they are not capable of truly "under-
standing" the text's meaning. For a quasi-natural language
to be applicable, the system's task should be narrow and well
defined. Examples of the use of a quasi-natural language are
given in the text.

6. GLOSSARIES

No reports in this general category were reviewed.

7. ERROR HANDLING

7.1 Error Prevention

Mace, D.J., Harrison, P.C., Jr., and Seguin, E.L. Prevention and remediation
. human in.ut errors in ADP operations. ARI Technical Report No. 395, August

1 17 . (AT) A081 730).

This document goes into detailed discussion about input errors, ways to

overcome them, and procedures for analyzing the cost-benefit of circumventing

them. An example illustrative of the thinking process involved in applying

the MAUM 3 cost-benefit analysis to TOS is presented. (Their example is not

: /MAUM is the Multi-Attribute Utility Measurement presented in: Edwards, W.,

Guttentag, M., and Snapper, K. in Handbook of evaluation research, volume 1,
E.L. Streuning and Marcia Guttentag, eds. Sage Publications, Beverly Hills,
California, 1975.
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nearly so concrete as the one provided by the original authors who apply the

procedure to the planning process of the Office of Child Development and us(.

real data.)

Of greater interest, particularly at this stage of our own project effort,

is the attention to the sources of data input errors and their preventiol and

detection. Table 3 presents the authors' summary of error types, causes, and

alternatives for prevention and detection.

Gade, P.A., Fields, A.F., and Alderman, I.N. Selective feedback as a train.inq
aid to on-line tactical data inputting. ARI Technical Paper No. 349, November
1978. (AD A061 789).

This study, one of a series focused on improvement of data entry, is an

experimental investigation into the effectiveness of various instructional

strategies for overcoming error in data entry. The intended special appli-

cation of the research is the MIOD (Message Input Output Device) operator of

the Army's Tactical Operations System (TOS).

Earlier research reviewed by Alderman (1975) focused on improved data

input (reduced time and error) by reallocating the inputting functions/tasks

and by development of job training aids. Strub (1971) demonstrated increased

MIOD operator accuracy by use of a CRT for direct data input and decreased

entry time by use of a computer-generated format on the CRT (1975). He

suggested that an automated training program, incorporating input aids with

a response-sensitive training instructional strategy, would improve training

effectiveness. This study investigates that hypothesis.

These investigators hypothesized that a response-sensitive instructional

strategy, in conjunction with computer-generated feedback, would have the

following desirable effects on MIOD operator training, as compared to more

conventional training strategies:

a. More rapid progress through the training material.

b. Improved transfer of training to operational environments.

Participants, 71 enlisted personnel, took part in a training session

and a transfer-testing session. Each participant completed 21 messages

during the training session. In the testing session, participants completed
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Table 3

Error Types, Causes and Alternatives for Prevention and Detection
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as many messages as possible, up to a miaxmum of 43. Participants were

assigned randomly to four levels of training feedback, as follows:

a. Minimum feedback--informed only of error on last entry, no
correction.

b. Edit feedback--error message, use of legal entry tables from
which to correct the error.

c. Remedial feedback--error message displaying both the incor-
rect and correct entry, and participant error correction.

d. Response-sensitive feedback--same as remedial, except that
after 3 correct consecutive entries for a particular element
of a particular type of format, automatic fill of the element
by the computer.

There were also two conditions of transfer-testing--no feedback and edit

feedback.

Speed and accuracy were the performance measures. Response-sensitive

training proved effective in reducing training time and was as effective as

other training strategies in reducing error rates. However, since the study

does not suggest that response-sensitive training will assist in catching

errors that escape error detection routines and does not improve the error

rate, the decision of whether or not to implement response-sensitive

training should be based on the trade-off between the cost of training

development and the benefit of reduced training time.

7.2 Error Detection

No reports in this category were reviewed.

7.3 Error Feedback

No reports in this category were reviewed.

7.4 Error Correction/Recovery

No reports in this category were reviewed.
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.....- 72

8. USER/OPERATOR CONFIGURATION

Fink, C.D., and Carswell, W.A. Integrated personnel and training information
tor TRADOC system managers (TSM). Technological Caps. ARI Research Report
No. 1238, February 1980.

(The authors' abstract follows.)

The Integrated Personnel Support (IPS) model outlines the procedures

that should be followed during the development of personnel and training sub-

systems for new materiel systems. This report identifies some of the tech-

nological problems that must be solved before benefits from the application

of the IPS model can be achieved. These problems or "technological gaps"

were identified during an extensive literature review for, and the subsequent

development of, a handbook for TRADOC System Managers (TSM).

Most of the technological gaps related to deficiencies in procedures for

estimating training and personnel requirements, and for the development of

training strategies, during Phases I and II of the Army's Life Cycle System

Management Model (LCSMM). Specifically, there was found to be an absence

of satisfactory techniques for (a) deducing training and personnel require-

ments from materiel characteristics; (b) identifying excessive human resources

demands stemming from materiel concepts; (c) identifying functions most appro-

priately performed by equipment, by persons, or by a man-machine combination;

(d) generating task analytic data during Phase I of the LCSMM; (e) identify-

ing high-risk training tasks during Phase I of the LCSMM; (f) indicating

appropriate training strategies before actual hardware is developed; and

(g) describing human resources data/requirements/constraints in terms that

are meaningful to design engineers.

Additional ARI Literature to be Reviewed

Alderman, I.N. Tactical Data Inputting: Research in Operator Performance
and Training. Proceedings of the Second National Symposium on the Manage-
ment of Data Elements in Information Processing. Washington, D.C.: NBS/
ANSI, 1976.
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,;and, T. M. An EvalUat ion of Visual Search Behavior on a Cathode Pav 'Tl
It i 1 izino the Window Technique. ARI Technicu i Paper No. 293, February 197H.
(:,!) A053 352)

ltminiqway, P.W., and Kubala, A.L. A Comparison of Speed and Accuracy of

Interpretation of Two Ttctical Symbologies. ART Technica 2 Report Xo. A 9,
,uly 1'71). (AD A075 ,fl3

ileminqway, P.W., Luba]a, A.I.. and Chastain, O.D. Study of Sy-mbology for
Anutomated Oralphic Disola.s. ART Technical Pport NO. 7'R-79-A,-' S, May 1,71).
(AD A07o 910)

Mawrocki, L.R. Word Abbreviations in Man-Computer Communication S%'stcms.
AT'! hWork nQ Paper 1H .79-04: June 1979.

Modiste, B.R., Michel, P.R., and Stevens, J.W. Initial Strategies for the
Tactical Operations System (TSO) Support of the Command and Control Process.

AI; Tchnical Report TR-78-AI6, June 1978.

Moses, F.L., and Maisano, R.F. User Performance Under Several Automated
Approaches to Chan inC Displayed Maps. ARi ,c n C~i PJ 'or No. t, June

t97O. (AD A073 726)

Neroponte, N. , Herot, C. , and Weinzapfe], o. One point touch input of

vector information for comnuter displays. ART Tochnical Report No. TR-7S-TS'-
(NTirS No. ADA064278)

Patten, S.M. An Indctive Taxonomy of Combat Intellijence Data. ART Resar,'

Memorandum 74-14. Decer'Ther 1974. (AD A070 802)

Potcsh, L.M. Effects of Retrieval Term Specificity on Information Retrieval
From Computer Based Intelligence Systems. ARI ,'echnic l Pap(,r XV(. "70,
July 1979. (AD A072 312)

Sidorsky, R.C. Alpha-Dot: A New Approach to Direct Computer Entry of Battle-
field Data. ART Technical Paper No. 249, January 1)74. (AD 774 841)

Sidorsky, R.C. Source Data Automation via the Alpha-Dot Tablet: A Feasi-

bility Study. ART Working Paper No. 79-07. June 1979.

Sidorsky, R., Gellman, L.H., and Moses, F.I,. Survey of Current twevelopment s
in Tactical Symbology: Status and Critical Issues. ARI Workinq ',per No.
HF-79-03, May 1979.
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Siegel, A. 1. , Leahy, W7. P. , and Wolf, J.1. A Compu ttr Model Ifo0r imul1a1t i,):.
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mat ion Systems. AR Ihnja Re-S0,arCh2 Not, NVo. 22o, May 11971.

Strub, M.HI. .Automatod Aide; to 97-hWTact ical Da~ta Iii utt inq1. Un
iL U V 2"- e, 1e b1ruar';105 (Al l

NON-ARI LITERATURE

Literature in the public doma in was expl ored for the purp ose of find inci

information appropriate to the development of gulidelines anld criteria and,

indeed, to identify useful sources of guidelines and criteria. Tbhis ne-tjl.

of thin report is not intended to be a "review" of the literature in tl ii> t ra-

uIt jonal sens'e. Rather, its purpose is to identify documents which provide

human factors guidelines and evaluation criteria for the design of une r /

operator transaction in battlefield automated systems or which could 'ubstan-

tively contribute to the development of such quidel ines and criteria.

6agne, R.N. , et il . Psuchological prinoiples on systelm Heeomet olt,

Rinehart and Winston, New York, 1963.

This volume remains a basic and often quoted source of information tor

system design. Its emphasis on the human component of the system, and parti-

cularly on the development of that component, is especially cogent to the

objectives of this project. In addition to providing much information ocen

ing the design of the human-machine interface, the text will be particularly

useful to the project in defining the appropriateness of guidelines for

different stages of system development.

Ramsey, H!.R. and Atwood, M.E. Human factors in computer syjstems: A rvPwo
the literature, Science Applications, Inc., Englewood, Colorado, -21 Sepember
1979). (Technical Report SAI-79-lll-DEN).

Ramsey, H.R. , Atwood, N.E., and Kirshbaum, r.3. A criticaill annot-atcei bl'] -,
qr01 )htJ of the li terature oft human factors inl Computer slustems, Science Appi ica-
tions, Inc., Englewood, Colorado, 31. May 1978. (Technical Report L;AT-78-o7()-
DEN)-



Ramsey and Atwood conducted a broad survey of the literaturi on human

tactors in computer systems to assess the state of knowledge in tht area.

Thcir obiectives were to:

a. Determine whether or not that knowledge is adequat< to support
the development of a human factors guide to the des gn of inter-

active computer systems.

b. Present a descriptive and critical literature review with

respect to the issue of design guidelines.

Their conclusions with respect to the feasibility, potential utilit,', and

possible form and content of a human factors guide to interactive computer s.'s-

tem design are as follows:

a. The existing literature relevant to this field is badly frag-
mented because of its foundation in several different disci-
plines, and because relevant empirical data include those
derived from many studies not specifically dealing with
computer systems. Much of this literature is outside of
that normally considered by human factors personnel, and
the vast majority is outside the range used by interactive
system designers. There is a strong need for the develop-
ment of integrated guidelines.

b. While there is a large body of empirical data relevant to
such guidelines, there are many significant gaps. In par-
ticular, there is inadequate information to support the
development of highly quantitative "reference handbook"-
type guidelines, except within certain fairly limited sub-
domains.

c. Consideration of the problem-solving behavior and information
needs of the interactive system designer leads us to believe
that "reference handbook" guidelines would not truly satisfy
the need anyway. What is needed is a design guide which is
largely procedural in nature and is organized around the
design process employed by designers.

d. Despite the existing gaps in our knowledge, a design guide
of this sort appears feasible. Such an approach is compat-
ible with the presentation of human factors methods, as well
as empirical data and specific recommendations. In such a
presentation, general psychological knowledge can often be
used to advantage, especially in areas in which empirical
information is sparse. In areas in which specific recom-
mendations are impossible, this approach can at least
direct the designer's attention to relevant factors.
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;u i;uide I i i ; oi;wriat'ed with the toi 1 y :;st, .m des i (41, .1;.
(e.q., usr l>.ulrLimelt a.i1'sic) will neessirily emjl 'a-

2 mt he to Lt' el} 1o'' l. " tht. de:;igo l ],ater, whtn

tloe de.siqn iec,sion,; are mo-e' coocrete- and detailed--and

concen Il eas i, 'v'iil n more ctm; irical reisearch has neon
done--the guidelines can be more specific and prescriptive.

.Althoulh it is f.a<si-le to construct a design guide for
interactive s -.stems in general, it may be better to develop
them for rcstr rted totes of systems (e.g., message pro-

ce:ssinsj, or tactical information systems). User behavior,

alld tilUs, J(-3i able systm -roperties, tend to be highly
task-spucific. By concentrating on a restricted range of
user tasks, it should be possible to make guidelines more
prescriptive and explicit, and to use more meaningful
exampnles, aswe 1 (pp. 141-143).

The annotated biLli)craphy was searched for sources of guidelines aPpro-

Iriote to the design o' uster/'operator transactions in battlefield automated

systems to be more Tullv developed in the next phase of the project. In

Table 4, these sources are identified within the classification scheme of

desiulit features preseited in fable 1.

Table 4

Sources of Guidelines Relevant to User/Operator Transactions

1. CONTROL METHODS

Author(s) Specific Topic

Bennett, J.L., 1972 Interactive systems
Chamberlain, R.G., 1975 Interactive system design
Cheriton, D.R., 1976 Man-computer dialogue
Dinter, H., 1969 Computer-based information

systems
Donerty, W.J., Thompson, C.M., Interactive systems--functions,

& Boies, S.d., 1972 software, linguistics,
scheduling

Kennedy, T.C.S., 1974 Interactive dialogue
Martin, T.H., & Parker, E.B., Interactive systems

1971
Sterling, T.D., 1974 Computers in general
Sterling, T.D., 1975 Computers in general
Stewart, T.F.M., 1976 Man-computer interface
Vaughan, W.S., Jr. o, Functional properties of inter-
Mayor, A.S., 1972 active systems

Wood, R.C., 1972 Interactive systems



1 . 1 Command La nuanes

No sources of guidelines specific to commanld languges wutr it'-d.

1.2 Menus

No sources of guidelines specific to menus were cited.

1.3 Function Keys

Dolotta, T.A., 1970 Teletypwriter terminal
Hanes, L.F., 1975 Keyboards
Yllo, A., 1962 Keypunch-data entry

1.4 Hybrid Methods

No sources of guidelines specific to hybrid methods were cited.

1.5 Prompts/HELPS

No sources of guidelines specific to prompts/HELPS were cited.

2. DISPLAY FORMAT

Danchak, M.M., 1976 Display design
Gould, J.D., 1968 CRT display--visual factors
Grether, W.F., & Baker, C.A. Visual information presenta-

1972 tion
Ton, W.H., 1969 Displays
Whitham, G.E., 1965 Display size/resolution

2.1 Fixed Alphanumeric Displays

Buckler, A.T., 1977 Alphanumeric displays
Hayman, E., 1969 CRT alphanumeric displays

2.2 Variable Length Alphanumeric Displays

No sources of guidelines specific to variable length alphanumeric dis-

plays were cited.
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2.3 Graphic Dis1ayS

Barmack, ET., & Siriajko, Ii.W., Interactive graphics

Foley, J.L., & Wallace, V.L., Interactive graphics

1974

2.4 Highl ighti~j

Christ, R.E., 1975 Color coding-visual displays

Christ, R.E. & Corso, G.M., Color coding-visual displays

1975

3. DATA ENTRY AND HAND.ING

Wallace, V.L., 1976 Graphical input devices

4. MESSAGE COMPOSITION AIDS

Green, E.E., 1976 Message design

4.1 System Design Features

Bryden, J.E., 1969 CRT displays
Cropper, A.G., & Evans, S.J.W., Display design

1968 Display design
Jenny, J.A., 1973 Terminals
Stewart, T.F.M., Oestberg, 0., Terminals

& MacKay, C.J., 1974

4.2 Format for Alphanumeric Messages

No sources of guidelines specific to format for alphanumeric messages

were cited.

4.3 Graphic Messages

No sources of guidelines specific to graphic messages were cited,
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5. DATA RETRIEVAL ASSISTANCE

No sources of guicdelines specific to data retrieval assistance weru

cited.

6. GLOSSARIES

No sources of guidelines specific to glossaries were cited.

7. ERROR HANDLING

7.1 Error Prevention

No sources of guidelines specific to error handling were cited.

7.2 Error Detection

No sources of guidelines specific to error detection were cited.

7.3 Error Feedback

No sources of guidelines specific to error feedback were cited.

7.4 Error Correction/Recovery

Varley, T.C., 1969 Error correction checklist

8. USER/OPERATOR CONFIGURATION

Smith, S.L., 1974 User interface
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Engle, S.E., and Granda, R.E. Guidelines tor man/displdy interfaces, IBM
Poughkeepsie Laboratory, Poughkeepsie, New York. 19 December 1975. (TR
0 0. 2720).

This document is, to quote Shneiderman, "the best detailed guide for

design of interactive systems (op cit., page 254). The guidelines are

specifically to assist a software developer in designing the display inter-

face between a program and intended users but the authors also feel that the

guidelines will be useful to hardware developers as well. There is much infor-

mation which has been of use to this project in initiating the development

of a set of guidelines, especially since there is a focus on the user require-

ments. The authors recoonize the limitations of these guidelines:

The present set of guidelines are not exhaustive. They
represent a first-level effort to collect and identify
what is known or could reasonably be expected to be
deduced from the Present state of knowledge. They also
provide some insight into those areas which are poorly
known or for which little factual data exists. (page 1)

Fortunately, the orqanizational structure adopted by Engel and Granda,

while not consistent with or as comprehensive as that developed for this

project, is compatible with the organization shown in Table 1. Thus, much

of what these authors have presented is directly applicable to this project's

purposes.

Smith, S.L. Requirements definition and design guidelines for the man-machine
interface in C 3 system acquisition. Mitre Corporation, Bedford, Massachusetts,
31 December 1979. (Mitre Technical Report MTR-3888).

This report explores the status and needs of the man-machine interface

(MMI) and comes to the following conclusions and recommendations:

This report proposes that a significant program of work be
undertaken. It marks a beginning, not an end. Thus only
tentative, interim conclusions are offered, and the chief
recommendation is that the work be carried forward. To follow

the approach outlined here, the next steps involve further
development of tools for MMI requirements definition and
design, and evaluation of the application of those tools
in C3 system acquisition.
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Three kinds of tools have been proposed:

I. An MMI requirements matrix, a systematic tabulation
of the fulictional capabilities; required by diff erent oipfr-
ator tasks, to permit requirements definition in advance
of MMI design. The concett of a requirements matrix is
described in Section 2 of this report and illustrated in

Appendix B. A tentative conclusion is that this require-
ments matrix could prove a useful tool, at the least pro-
viding a check list for systematic consideration of MMII
requirements, with some potential promise as an effective
means of coordinating analysis with design. Further develo}-
ment of this requirements matrix is recommended in conjunction
with evaluation in system acquisition.

2. MMI design guidelines, a compilation of available wisdom,
to be tailored to the requirements of different system appli-
cations. Design guidelines are discussed in Section 3 of this
report and illustrated in Appendix C. A tentative conclusion
is that guidelines can be found for the design of certain
common MMI functional capabilities, and that these can be
related at least approximately to the requirements matrix,
with potential for tailoring. It is recommended that the
sample set of guidelines presented here be expanded to pro-
vide broader functional coverage, and then evaluated in
system acquisition.

3. Design documentation, some means of specifying detailed
MMI design for coordination and review in advance of soft-
ware implementation. Design documentation is discussed in
Section 4 of this report, and one possible approach is
illustrated in Appendix D. A tentative conclusion is that
such documentation could prove useful for both initial design
and subsequent design modification, but that it is not clear
just what are the proper means for imposition of this special
documentation requirement in system acquisition. This ques-
tion should be explored further, until a formal documentation
requirement can be developed.

All of these proposed tools must be applied to asses s their
value. Discussion of the possible utility of these tools for
MMI design is an interesting exercise in armchair philosophy,
but will have no practical effect unless carried forward and
tested in actual system development. Certainly no Air Force

or DoD design standard can be justified on the basis of this;
discussion alone, without practical evaluation (pp. 40 and 41).

One of the Appendices to this report contains a se~t of design gouidc1ii1,-.

Table 5 presents a sample of these guidelines which will be considered in

this project's further development of guidelines and criteria.
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Table 5

Design Guuidelines for Data Entry Function.;

('ode

2.0 DATA ENTRY/INPUT

- I Where data entry is a significant task fuiiction, it should be-
accomplished via the opcrator's primary display. (!)r toxample.,
entry via typewriter is acceptable only if the typewriter
itself, under computer control, is the primary display medium.)

- 2 Data entry transactions, and associated displays, should be
designed so that the operator can use one mode of entry as
long as possible before having to switch to another (e.g.,
switching from lightpen to keyboard input).

- 3 Except for passwords and other secure entries, keyed inputs
should always appear in the display.

- 4 Keyed data entry and change on an electronic display should
generally be accomplished by direct character replacement,
in which keyed inputs replace underscores or previous entries
(including default values) in defined data fields.

- 5 Wherever possible, data entry should be self-paced, dependinq

upon the operator's needs, attention span and time available,
rather than computer processing or external events. (Where
self-pacing does not seem feasible, the general approach to
task allocation and MMI design should be reconsidered.)

- 6 Using a form-filling dialogue, entry of logically grouped
items should be accomplished by a single, explicit action
at the end, rather than requiring separate entry of each

I t em.

Smith, S.L. Man-machine interface (MMI) requirements definition ind desiqin
quidelines: A progress report. Mitre Corporation, Bedford, Massachusetts,

30 September 1980. (Mitre Technical Report MTR-8134).

This document extends the work previously presented by Smith. Of partic-

ular interest to the project's further development of design guidelines and

criteria are an Appendix which presents design guidelines for sequenc( c(ntrol
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and another Appendix which presents a MMI requirements checklist. The latter

is assumed to have potential for the designation of design principles appro-

priate to different stages of system design. Examples of each set of data

are presented below in Table 6 and 7.

Shneiderman, Ben. Software psychology: Human factors in computer and infor-
mation systems, Winthrop Publishers, Inc., Cambridge, Massachusetts, 1980.

This text has become a "standard for the industry" in a very short time.

It is addressed to a broad and varied audience: professional system designers,

managers, and programmers; advanced undergraduate and beginning graduate stu-

dents in human factors in computers and information systems; and industrial

and academic researchers in computer science, information systems, psychology,

and human factors. The book provides a review of a large number of current

research topics relevant to the development of design guidelines and criteria

for user/operator transactions with battlefield automated systems. The

author's intent to provide a psychological perspective to permit increased

awareness of the distinctions between people and computers has particular

advantage for this project's purposes.

Shneiderman defines software psychology as "the study of human perfor-

mance in using computer and information systems" (page 5) and identifies the

foci of software psychology as "ease of use, simplicity in learning, improved

reliability, reduced error frequency, and enhanced user satisfaction" (ibid).

Of most relevance to this project are: (a) the replication of and development

of some specific guidelines for programming and systems design, and (b) a

"practitioner's summary" which is incorporated into each chapter of the book.

Additional Non-ARI Literature to be Reviewed

In addition to documents previously cited (pages 27 - 29) as relevant to

this project, the documents cited on page 41 are judged to have potential

utility and will be reviewed as part of a formal, extensive, and substantive

literature review.
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Table 6

Design Guidulines for Suquence Control

SEQUENCE CONTROL

Objectives:
Minimized control actions by user.
Low memory load on user.
Consistency of control actions.
Compatibility of sequence control with user needs.
Flexibility of sequence control.

3.0 GENERAL

- 1 Flexible means of sequence control should be provided so that
the user can accomplish necessary transactions involving data
entry, processing, retrieval and transmission, or can obtain
guidance as needed in connection with any transaction.

Example: In scanning a multi-page display the user should
be able to go forward or back at will; if the MMI design
permits only forward steps, so that the user must cycle

through the entire display series to reach a previous page,
that design is deficient.

Comment: Necessary transactions should be defined in task

analysis prior to software design.

- 2 Control inputs should be simplified to the maximum extent

possible, particularly for tasks involving real-time response,
and should permit completion of a transaction sequence with the
minimum number of control actions consistent with user abilities.

Example: The user should be able to print a display di-

rectly without having to take a series of other actions

first, such as calling for the display to be filed, spec-

ifying a file name, then calling for a print of that named

file.

Comment: The software designer should program the computer
to handle intervening steps automatically, informing the
user what has been done if that seems necessary.
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Table 7

mmI Requirements Checklist

Task Reviewer Date

Requirement
[.:stimate *

MMI Capability E U N Comment

1.0 DATA ENTRY/INPUT

1.i. Position Designation

1. arbitrary positions - -

1 discrete

2 continuous

2. predefined positions - -

1. HOME
1 upper left
2 center
3 lower right
4 other

2 command entry area

3 end of file

4 other

3. incremental positions - . . . .- -..

1. by character
1 right - - -

2 left
3 up

4 down

2. by interval (TAB) .

1 horizontal
2 vertical

3. by other features .

1 wozd

2 line
3 paragraph

4 other

1.2. Direction Designation
1 vector rotation

2 sequential pointing - - -

3 numeric entry - - -
4 other . . . . ..

SE = Essential, U = Useful, N Not Needed
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